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COAL  AND  CORE  MIXTURES  AS  WATER-GAS 
GENERATOR  FUEL. 


By  W.  W.  Odell. 


INTRODUCTION. 

The  scarcity  of  high-grade  coke  and  the  great  rise  in  price  of  all 
grades  of  coke  have  made  it  almost  necessary  for  some  gas  com- 
panies to  consider  the  substitution  of  bituminous  coal  for  coke  as 
generator  fuel,  even  though  grave  difficulties  were  expected  in  main- 
taining the  capacity  of  the  plant  with  the  new  fuel. 

The  experiments  conducted  at  Streator,  111.,  in  1918.  in  operating  a 
6-foot  set  6  to  7  hours  a  day  did  not  solve  some  of  the  important 
questions  in  the  use  of  coal  fuel,  namely,  the  effect  of  a  stand-over 
period  on  capacity  and  possibilities  in  the  use  of  the  blow-run  method 
of  operating  with  mixed  fuels,  coal  and  coke.  The  chief  purpose  of 
this  paper,  therefore,  is  to  present  information  bearing  on  these 
problems  and  the  results  obtained  during  six  weeks  of  experiment 
at  Davenport.  Iowa,  using  mixed  generator  fuel  with  the  blow-run 
method  of  operating.  Data  are  included  on  the  behavior  of  the 
various  fuels  used  in  the  generator,  the  clinker  conditions,  the  use 
of  fuel  high  in  ash,  and  on  the  use  of  coal  high  in  sulphur. 
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PLAN  AND  EQUIPMENT. 

It  was  planned  to  use  one  coal  in  gradually  increasing  percentages 
from  day  to  day  until  100  per  cent  coal  was  reached,  then  to  repeat 
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the  experiment  with  other  coals,  as  nearly  as  possible  under  controlled 
conditions,  recording  the  results  obtained  and  the  noteworthy  changes. 
It  was  not  possible  to  operate  in  this  manner,  however,  on  account  of 
the  abnormal  fuel  situation  at  the  time  of  the  experiments,  and 
changes  from  one  fuel  to  another  had  to  be  made  several  times.  Like- 
wise, the  operating  conditions  could  not  be  kept  as  uniform  as  desired, 
for  it  was  necessary  at  times  to  change  the  rate  of  input  of  the  car- 
bureting oil,  the  percentage  of  air  admitted  for  purposes  of  purifica- 
tion, and  the  rate  of  cooling  the  gas.  All  these  factors  affect  results, 
more  particularly  the  oil  figure,  and  have  been  considered  in  the  con- 
clusions reached. 

The  equipment  used  consisted  of  two  U.  G.  I.  8-foot  6-inch  car- 
bureted water-gas  sets,  supplied  with  air  and  steam  meters,  pyrom- 
eters, and  column  gages.  Views  of  these  sets  are  shown  in  Plates  I, 
A  and  B;  A  is  a  photograph  taken  from  the  operating  floor  and 
B  is  a  photograph  taken  from  the  ground  floor  of  the  generator 
house. 

BENEFIT  FROM  STAND-OVER  PERIOD. 

When  a  set  is  operated  only  6  or  8  hours  out  of  every  24,  the  'k  lav- 
over  "  period  is  sufficient  for  the  fuel  in  the  generator  to  become  well 
heated  and  more  completely  coked.  It  had  been  recognized  that  this 
period  was  a  benefit,  but  the  extent  to  which  it  helped  to  increase  the 
average  make  per  running  hour,  or  the  capacity  of  the  set,  had  not 
hitherto  been  clearly  shown. 

The  make  per  run  hour  after  a  long  shutdown,  when  bituminous 
coal  is  used  as  generator  fuel,  is  greater  for  the  first  few  hours  than 
with  coke  fuel  under  the  same  conditions.  After  this  period  the 
make  per  hour  decreases  until  the  hourly  make  is  less  than  the 
normal  make  with  coke.  It  follows  that  the  daily  make,  in  operating 
but  a  small  fraction  of  a  day.  is  greatest  when  coal  fuel  is  used;  in 
plants  operating  full  time  there  is  a  decrease  in  the  daily  make  with 
coal  fuel.  It  is  necessary  then  to  consider  this  factor  in  estimating 
the  probable  capacity  with  the  use  of  coal  fuel. 

The  effect  of  lay-over  periods  is  shown  in  Table  1.  With  the 
same  volume  of  air  per  minute  per  square  foot  of  grate  area,  the 
make  per  square  foot  of  grate  per  run-hour  decreases  markedly  on 
increasing  the  total  daily  run  hours  from  6.5  to  13.5  as  noted  in  Xos. 
1  and  2  of  Table  1,  using  100  per  cent  Illinois  coal.  In  order  to  re- 
tain a  high  make,  more  air  per  minute  is  required,  as  the  running  time 
is  increased.  On  comparing  results  obtained  at  different  plants,  the 
benefit  of  a  lay-over  period  is  not  at  once  apparent,  but  on  the  con- 
trary is  sometimes  hidden  on  account  of  the  difference  in  the  volumes 
of  air  used  per  minute  per  square  foot  of  grate  area. 
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A.     OPERATING   FLOOR  OF  GENERATOR   PLANT,   SHOWING    TWO  CARBURETED 
WATER-GAS  SETS   IN   THE   FOREGROUND. 


B.     GROUND    FLOOR  OF  GENERATOR    HOUSE. 
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RELATION    OF    AIR    TO    CAPACITY. 
Table  1. — Effect  of  in  inner  period*  on  capacity.* 


Num- 

Size of 

ber. 

set. 

Ft.    In. 

1 

6         0 

2 

8         0 

3 

8          6 

4 

8          6 

5 

8          6 

6 

8         6 

Total         Total 
daJy         run  per 
make.  day. 


Cubicf'it. 
177,000 
670,000 
1,215,000 
1 , 044, 000 
1,060,000 


Hows. 
6.5 
13.5 
17.9 
13.8 
15.4 


Make  per 
square 
foot  of 


Virper  i  Airper 
nunute,       ^Tof 

hTo^     ^P'ri^erarea 
generator.   ™™£  j  ri=, 


1,172,000       14,03 


100  per  cent  Illinois  coal. 

do | 

do ! 

73  per  cent  Illinois  coal. . 
100    per    cent    eastern 

Kentucky  coal. 
65     per     cent    eastern 

Kentucky  coal. 


Sq.ft. 

Cu.ft. 

Cu.ft. 

12.6 

1,340 

106 

28.3 

3,000 

106 

33.2 

4,050 

122 

33.2 

4.720 

142 

33.2 

4,350 

131 

a  The  blow-run  method  of  operating  was  employed  in  all  the  examples  given. 

AIR  PER  MINUTE  PER  SQUARE  FOOT  OF  GRATE  IN  RELATION  TO 

CAPACITY. 

Very  few  plants  are  equipped  with  blasting  apparatus  large 
enough  to  meet  their  needs  when  operating  with  coke  fuel,  owing 
chiefly  to  the  growing  daily  output  of  gas.  to  the  present  tendency 
to  increase  plant  capacity  by  utilizing  the  maximum  amount  of  air 
available  during  blasting,  and  to  the  usual  damaged  condition  of  the 
blast  equipment  caused  by  occasional  explosions  in  the  blast  line. 
This  condition  is,  of  course,  not  favorable  to  obtaining  the  best 
results  with  coal  fuel. 

Tender  the  same  conditions  in  blasting  less  air  can  be  introduced 
into  the  fuel  bed  with  coal  or  mixtures  of  coal  and  coke  than  with 
straight  coke  fuel,  as  illustrated  in  figure  1.  Plot  A  represents  the 
air  to  the  generator,  as  recorded  by  air  meter,  when  using  100  per 
cent  coke  fuel.  The  readings  were  taken  every  15  seconds,  and  the 
first  readings  shown  in  the  figure  were  taken  at  the  end  of  the  first 
quarter  minute.  Plot  B  represents  the  air  per  minute  when  using 
coal  and  coke  mixtures — 50  per  cent  Illinois  coal — just  after  a 
clinker  and  fire-cleaning  period  and  after  charging.  Under  the 
conditions  this  line  therefore  represents  the  maximum  air  obtain- 
able with  the  fuel  used.  Plot  D  records  the  readings  taken  with  the 
same  mixed  fuel,  after  breaking  up  the  clinker  from  31  runs  and 
charging.  After  making  seven  more  runs,  or  in  all  41  runs,  and 
just  before  charging  the  generator,  another  series  of  readings  were 
taken  and  are  recorded  as  plot  C  in  figure  1.  By  comparing  plots 
C  and  D  the  effect  of  a  fresh  charge  of  fuel  on  the  volume  of  air 
that  can  be  introduced  into  the  fuel  is  evident. 

A  reduction  of  capacity  in  the  use  of  coal,  under  the  conditions 
expre-sed  in  figure  1.  can  thus  be  foretold  without  elaborate  tests,  as 
the  make  per  run  is  dependent  on  the  heat  stored  in  the  generator 
during  the  blow,  that  is  in  turn  dependent  on  the  volume  and  rate 
of  the  blast. 

This  stoppage  of  the  fire,  or  rather  the  increased  resistance  offered 
by  coal  fuel  to  the  introduction  of  air,  is  not  entirely  due  to  the 
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coking  properties,  but  is  in  part  due  to  the  ash.  The  comparisons 
in  figure  1  are  based  on  using  a  good  grade  of  retort  coke,  made 
chiefly  from  eastern  gas  coal  of  low  ash  content,  and  from  Illinois 
coal  of  fairly  high  ash  content.  When  a  coal  of  low  ash  content  is 
used  the  resistance  offered  to  the  introduction  of  air  does  not  in- 
crease as  readily  during  the  progress  of  operation  after  cleaning 
the  fire  as  when  a  coal  of  higher  ash  content  is  used.  This  fact  was 
brought  out  clearly  when  a  low-ash  coal  from  eastern  Kentucky  was 
used  to  the  extent  of  TO  per  cent  in  a  mixture  with  coke.     The  Ken- 
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Figure  1. — Generator  air  per  minute,  using  coke  and  mixed  coal  and  coke  fuel,  a,  Gen- 
erator air  per  minute  with  coke  fuel ;  6,  generator  air  per  minute,  using  50  per  cent 
Illinois  coal  with  the  coke.  Air-meter  reading  taken,  after  clinkering  and  charging ; 
c,  generator  air  per  minute,  using  50  per  cent  Illinois  coal,  after  34  runs  and  after 
breaking  up  clinker  and  charging ;  (I,  generator  air,  per  minute,  using  50  per  cent  Illinois 
coal,  after  41  runs,  just  before  charging.      (Seven  runs  after  c.) 

tucky  coal  had  strong  coking  properties,  and  it  was  anticipated  that 
trouble  would  therefore  be  encountered.  In  figure  2  is  shown  the 
air  per  minute  at  the  beginning  of  the  day  after  clinkering  and 
after  57  runs  have  been  made.  There  is  no  appreciable  decrease  in 
the  air  per  minute  after  the  57  runs.  In  other  words,  there  is  but  a 
small  accumulation  of  ash  in  the  generator.  The  make  per  hour 
was  of  course  greater  with  this  fuel,  and  many  more  runs  could  be 
taken  off  between  clinker  periods. 

BEHAVIOR  OF  DIFFERENT  COALS  IN  THE  GENERATOR. 

There  are  other  instances  in  which  coals  do  not  behave  in  the 
same  manner  when  used  as  generator  fuel.    Generally,  in  using  Cen- 
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tral  District  coals  a  larger  proportion  of  downruns  must  be  made 
than  in  using  good  coke  fuel ;  and  the  greater  the  tendency  to  form 
side-wall  clinker  the  greater  is  the  percentage  of  downruns  that 
must  be  made  to  keep  the  clinker  on  the  grate.  The  clinkering 
properties  of  coals  differ  widely,  even  in  coals  from  the  same  dis- 
trict, and  accordingly  they  should  be  used  differently  to  obtain  the 
best  results.  Illinois  coal  from  the  Xo.  5  seam  gave  a  clinker  that 
could  easily  be  kept  off  the  wall  and  on  the  grate,  almost  regard- 
less of  the  percentage  of  upruns  made,  but  Illinois  coal  from  Xo.  6 
seam  showed  strong  tendencies  to  form  clinker  on  the  wall,  necessi- 
tating a  larger  percentage  of  downruns  than  upruns.  More  runs 
can  be  made  before  clinkering  with  some  coals  than  with  others. 
The  friability  of  the  coals  varies  as  well  as  the  ease  with  which  the 
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Figure  2. — Generator  air  per  minute  with  coal  of  low  ash  content,  a,  Generator  air  per 
minute,  using  70  per  cent  eastern  Kentucky  coal.  Readings  taken  after  clinkering  and 
charging;  i,  same  as  a  except  that  readings  were  taken  after  57  runs  and  just  after 
charging. 

volatile  matter  is  given  up  on  heating  in  the  generator.  To  insure 
the  best  results  with  a  particular  coal  its  properties  and  behavior 
should  be  closely  watched  and  studied. 

SIZE  OF  FUEL,  "  FLUES,"  USE  OF  FUEL  SPREADER. 

The  size  of  fuel,  as  well  as  the  kind  and  quantity  charged  at  one 
time,  has  an  important  bearing  on  the  results  obtained.  "With  coal 
"  flues  "  or  "  chimneys  "  form  through  the  fuel  bed  more  commonly 
than  with  coke ;  when  the  coal  is  composed  chiefly  of  large  lumps  and 
some  slack,  this  tendency  seems  more  pronounced.  With  mixed  coal 
and  coke  no  trouble  from  this  source  appears  unless  coal  is  used  in 
greater  amounts  than  60  per  cent  by  weight ;  as  the  percentage  of  coal 
55297°— 21 2 
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increases  the  difficulty  becomes  more  prevalent,  and  is  accentuated 
somewhat  by  the  use  of  high  blast  pressures.  The  effect  of  pressure 
unfortunately  limits  the  air  per  minute  that  can  be  used  with  any 
particular  coal  as  generator  fuel. 

In  the  course  of  the  experiments  an  attempt  was  made  to  use  large 
lump  coal  with  the  slack  in  order  to  avoid  the  waste  occasioned  by 
forking  and  by  using  the  "  fines  "  for  boiler  fuel.  The  coal,  in  this 
instance,  was  a  high-priced  low-sulphur  coal,  and  was  used  without 
a  fuel  spreader.  The  result  of  the  experiment  was  that  "  flues  "  per- 
sistently formed  close  to  the  generator  wall. 

A  fuel  spreader  was  used  during  these  experiments  only  occasion- 
ally, on  account  of  the  method  provided  for  charging ;  when  the  fuel 
spreader  was  used  the  condition  of  the  fuel  bed  was  much  improved 
and  there  was  less  tendency  toward  the  formation  of  chimneys.  Flue 
formation  is  due  in  part  to  the  piling  up  of  fine  coal  in  the  middle  of 
the  fuel  bed,  a  condition  that  is  more  pronounced  in  large  sets.  In 
fact,  during  the  course  of  experiments  conducted  at  Streator,  111., 
with  a  6-foot  set  using  18  inches  blast  pressure,  there  was  no  indica- 
tion of  these  chimneys  through  the  fuel  bed  even  when  operating 
with  100  per  cent  Illinois  coal. 

DETECTION  OF  "  FLUES." 

\Yhen  bituminous  coal  is  used,  either  alone  or  in  mixtures  with 
coke,  it  is  not  possible  to  see  the  top  of  the  fuel  bed  over  its  entire 
surface  on  account  of  the  yellow  flame  burning  above  it.  It  is  neces- 
sary, therefore,  to  detect  flues  by  other  means  than  by  observation. 
One  of  the  first  signs  of  a  hole  in  the  fuel  bed  is  an  increase  in  the 
volume  of  air  per  minute  of  blast,  as  indicated  by  the  air  meter,  with 
a  slight  decrease  in  pressure  under  the  grate  as  shown  by  the  water 
column  on  the  gage  board.  The  flame  at  the  stack  changes  in  color, 
losing  its  yellow  appearance  and  becoming  bluish.  If  the  hole  is 
allowed  to  remain  over  a  number  of  runs  the  generator  lid  will  be- 
come red  hot  and  even  the  hot  valve  may  become  red  hot.  as  under 
these  conditions  complete  combustion  can  take  place  at  the  top  of  the 
generator  or  in  the  connections  to  the  carburetor.  The  make  per  run 
decreases,  as  shown  by  the  relief  holder,  when  only  one  machine  is 
being  operated  at  a  time,  or  by  the  water  column  on  the  gage  board. 
If  this  condition  is  permitted  to  exist  and  the  fuel  used  contains  an 
appreciable  amount  of  "  fines,"  some  of  the  fine  coal  will  be  blown 
over  into  the  checker  chambers.  It  will  not  all  stop  at  the  dust 
catcher,  but  it  will  lodge  at  the  base  of  the  checker  chambers,  where 
the  voids  are  large  and  the  linear  velocity  of  the  gas  is  diminished. 
In  a  very  short  time  enough  of  this  material  may  be  blown  over  to 
choke  the  chambers,  so  that  the  natural  draft  through  the  set,  which 
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is  normally  observable  at  charging  time,  is  decreased,  and  the  flame 
at  the  generator  lid  during  charging  is  more  on  the  outside  of  the 
generator  than  within  it ;  the  flame  therefore  flashes  back  in  the  oper- 
ator's face  at  charging  time,  when  the  natural  draft  through  the  set 
is  reduced  by  the  choking  of  the  passages  of  the  checker  chamber. 

KESULTS  FROM  "FLUES";  REMEDY. 

A  natural  result  from  operating  with  flues  in  the  fuel  bed  is  the 
falling  off  or  the  decrease  in  the  "  make."  This  decrease  is  accom- 
panied by  a  high  oil  consumption  per  thousand  feet  of  gas  made  and 
by  signs  of  undecomposed  oil  at  the  seal  pot  due  to  incomplete  crack- 
ing of  the  oil  in  the  checker  chambers.  The  fuel  may  become  arched 
in  the  upper  portion  of  the  generator  if  the  fuel  used  is  entirely  or 
practically  all  coal.  To  remedy  this  evil  it  is  advisable  to  shut  down 
the  set.  open  the  doors  at  the  bottom  of  the  carbureter  and  the  bottom 
of  the  superheater,  and  to  hoe  out  the  deposited  fuel.  As  much  as 
a  ton  or  more  may  be  deposited  at  these  places.  The  dust  catcher 
should  be  dumped  to  make  sure  it  is  not  filled  to  overflowing,  and  the 
caked  fuel  should  be  broken  up  in  the  upper  portion  of  the  generator. 
The  furnace  should  be  charged  more  frequently  and  with  lighter 
charges,  using  forked  fuel  not  larger  than  3  by  6  inch  lump. 

The  cleaning  out  of  the  deposited  fuel  can  be  done  in  less  than 
an  hour,  sometimes  in  fifteen  minutes,  but  when  the  condition  is  bad 
the  cleaning  out  should  be  repeated  on  the  following  day,  as  some  of 
the  fine  fuel  lodges  in  inaccessible  places  be}7ond  the  pillars  and  even 
in  the  checker  work  of  the  carburetor.  Part  of  the  fuel  thus  lodged 
will  blow  over,  passing  through  the  set  and  out  the  stack,  but  a  large 
portion  will  settle  at  the  base  of  the  superheater  on  the  opposite  side 
from  the  carburetor,  where  it  can  be  readily  removed. 

The  fuel  spreader  will  be  a  material  benefit  in  preventing  the  for- 
mation of  holes  through  the  fuel  bed,  and  it  should  by  all  means  be 
used  if  possible.  Buggies  that  tip  up  and  discharge  the  fuel  through 
a  snout  at  one  end  usually  throw  more  of  it  to  one  side  of  the  gen- 
erator than  to  the  other.  A  drop-bottom  buggy  or  hopper  offers  a 
better  opportunity  for  an  even  distribution  of  the  fuel  by  means  of 
a  fuel  spreader  than  most  other  types.  When  no  spreader  is  used 
the  fine  fuel  is  likely  to  pack  in  the  middle  of  the  fuel  bed  and  the 
large  lumps  are  likely  to  roll  to  the  wall.  An  even  distribution  of 
the  fuel  over  the  surface  of  the  bed  not  only  produces  a  more  uni- 
form thickness  of  the  bed  but  decreases  the  tendency  toward  matting 
and  caking  of  the  coking  coal ;  it  also  offers  a  more  uniform  resistance 
to  the  passage  of  gas  through  the  fuel  bed.  Too  much  emphasis 
can  not  be  laid  on  the  desirability  of  using  a  fuel  spreader  and  on 
the  benefits  derived  from  it. 
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USE  OF  AIR  METER  AND  GAGES. 

All  modern  water-gas  sets  are  supplied  with  gages,  by  means  of 
which  the  operator  can  tell  what  the  pressure  is  within  the  set  at 
any  stage  of  operation.  Likewise  an  air  meter  usually  is  supplied 
for  measuring  the  volume  of  air  introduced  at  the  base  of  the  gen- 
erator. Unfortunately  a  large  per  cent  of  the  operators  of  the  sets 
do  not  use  these  instruments,  as  they  do  not  know  how  to  use  them 
intelligently,  not  having  been  instructed  concerning  their  signifi- 
cance. In  fact  it  is  not  an  unusual  occurrence  to  find  much  of  the 
equipment  of  this  sort  continually  out  of  repair.  When  the  gages, 
the  air,  and  steam  meters  are  in  use,  a  condition  like  the  one  just 
cited,  wherein  a  ton  of  fine"  fuel  was  blown  over  into  the  checker 
chambers  and  caused  their  stoppage,  can  not  exist  without  the 
operator's  knowing  beforehand  that  something  is  wrong.  When  the 
checker  chambers  were  thus  choked,  there  was  a  difference  of  8  inches 
in  pressure  between  the  bottom  of  the  carburetor  and  the  bottom  of 
the  superheater,  whereas  there  should  not  have  been  any  appreciable 
difference  at  all.  The  water  column  gages  would  have  indicated  the 
abnormal  condition  before  it  became  so  pronounced.  When  using 
coal  fuel  or  mixtures  containing  a  high  per  cent  of  coal,  it  is  essential, 
in  order  to  get  the  best  results,  to  watch  very  closely  the  gages  and 
meters.  Holes  in  the  fire  can  be  detected  quickly  if  the  operator  is 
in  the  habit  of  observing  the  air  meter  and  the  water  column  that 
records  the  pressure  under  the  grates. 

DUST  CATCHER. 

Not  all  water-gas  sets  are  provided  with  dust  catchers,  but  the 
most  modern  ones  are  so  equipped.  They  should  be  given  attention 
and  emptied  once  in  8  hours  when  using  coal  fuel.  This  chamber 
fills  up  more  quickly  with  coal  than  with  coke  fuel.  In  the  Daven- 
port experiments  the  sets  were  equipped  with  rather  large  dust 
catchers  that  filled  up  once  in  8  hours.  The  rapidity  of  filling  will 
of  course  depend  on  the  velocity  of  the  air,  the  quantity  used  per 
minute  per  square  foot  of  grate,  as  well  as  the  kind  and  size  of  fuel 
used. 

INCREASING   BLAST   PRESSURE    TO   INCREASE    CAPACITY. 

It  has  been  pointed  out  that  the  air  per  minute  in  using  coal  fuel 
is  less  than  in  using  coke  under  the  same  conditions;  also  that  the 
capacity  is  directly  dependent  on  the  volume  of  generator  air  that 
can  be  introduced  per  minute.  In  order  to  increase  capacity  it  is 
natural  to  increase  the  blast  pressure,  thereby  forcing  a  larger  vol- 
ume of  air  into  the  fuel  bed  per  minute  of  blast.  When  the  blast 
pressure  is  increased,  the  tendency  for  fine  fuel  to  be  carried  over 
from  the  generator  becomes  greater,  as  well  as  the  probability  that 
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holes  will  form  through  the  fuel.  As  the  use  of  high  blast  pressures 
is  becoming  more  common,  it  is  increasingly  important  that  all  the 
instruments  of  control  furnished  with  a  water-gas  set  should  be 
utilized  and  that  the  coal  should  be  spread  properly  over  the  surface 
of  the  fuel  in  the  generator.  More  attention  to  detail  is  required  in 
operating  with  high  blast  pressure  than  with  low  pressure. 

ARCHING  AND  MATTING  OF  GENERATOR  FUEL. 

In  using  mixtures  of  coal  and  coke  as  generator  fuel  no  trouble 
arises  from  arching  and  matting,  provided  the  amount  of  coal  present 
is  not  greater  than  60  per  cent,  even  though  the  charges  are  consid- 
erably heavier  than  the  normal  charge  using  coke  alone.  The  annoy- 
ance from  this  source  results,  of  course,  on  improper  distribution  of 
the  fuel  in  the  generator;  if  the  fuel  is  properly  spread,  fairly  heavy 
charges  can  be  used  with  the  coal  in  the  mixtures  as  high  as  80  per 
cent  without  any  trouble.  In  using  higher  percentages  of  coal,  care 
must  be  exercised  in  proportioning  the  charges  so  that  no  arching 
takes  place. 

The  size  of  the  coke  used,  as  well  as  the  coking  properties  of  the 
coal,  affects  this  factor.  In  using  100  per  cent  coal  the  charge  should 
not  be  more  than  50  to  60  per  cent  heavier  than  the  normal  small  coke 
charge.  In  an  8-foot  6-inch  set  1,400  pounds  of  coal  seems  to  be  as 
heavy  a  charge  as  it  is  advisable  to  use  under  ordinary  operating 
conditions.  Heavier  charges  can  be  used  successfully  with  coal  and 
coke  mixtures ;  charges  of  2,000  pounds  have  been  used  when  operat- 
ing with  60  per  cent  coal  without  any  arching  effect. 

TENDENCY    TO    OPERATE    WITH    A    LOW    FUEL    BED    AND    THE 

RESULTS. 

Operators  who  are  inexperienced  in  the  use  of  coal  in  the  generator 
frequently  attempt  to  run  with  a  low  fuel  bed.  They  note  that  the 
generator  is  not  as  hot  as  if  coke  fuel  were  used,  and  they  conclude 
usually  that  the  generator  would  be  hotter  if  the  fuel  bed  were  kept 
at  a  lower  level.  As  a  result  of  their  mistake,  holes  form  through 
the  fuel  bed  and  the  hot  valve  and  the  generator  lid  become  so  hot 
that  they  are  damaged.  In  one  instance  that  came  to  the  writer's 
attention,  a  hot  valve  was  destroyed  almost  entirely  in  less  than  a 
month's  time  by  operating  in  this  manner.  The  make  per  hour  was 
considerably  lower  than  it  would  have  been  had  the  generator  been 
kept  full  of  fuel. 

VALUE  OF  THE  AIR  PURGE. 

Doubt  exists  in  the  minds  of  numerous  engineers  regarding  the 
advisability  of  making  an  air  purge.  Some  make  the  purge  when 
using  coal  fuel  only,  others  when  using  either  coal  or  coke,  and  some 
will  not  make  a  purge  at  all,  as  they  think  the  nitrogen  is  high 
enough  without  it.  It  is  not  intended  that  nitrogen  should  be  blown 
into  the  gas  holder  in  making  the  air  purge,  although  in  most  plants 
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visited  by  the  writer  where  this  process  is  used  the  air  purge  was 
overdone  and  some  of  the  blast  gas  produced  in  the  generator  was 
blown  through  into  the  relief  holder.  The  blast  gas  formed  at- this 
early  stage  of  blasting  is  'composed  chiefly  of  inerts,  nitrogen  and 
carbon  dioxide;  consequently  the  duration  of  the  air  purge  should 
be  such  that  none  of  the  inerts  so  produced  will  pass  through  the 
wash  box  into  the  holder.  The  time  required  to  purge  the  set  of  gas 
is  usually  4  to  8  seconds,  differing  in  various  plants  according  to 
the  blast  pressure  and  the  back  pressure.  A  small  volume  of  air 
to  the  generator  will  purge  a  rather  large  volume  of  gas  from  the 
set,  owing  to  the  difference  in  volume  caused  by  temperature.  One 
hundred  cubic  feet  of  air  converted  into  C02  and  N2  in  the  generator 
and  heated  to  1,400°  F.  will  have  a  volume  of  approximately  355 
cubic  feet.  One  hundred  cubic  feet  of  blue  gas  raised  from  60  to 
1,400°  F.  occupies  approximately  the  same  volume.  It  follows  then 
that  100  cubic  feet  of  generator  air  metered  is  capable  of  purging 
approximately  355  cubic  feet  of  gas  at  the  prevailing  temperature, 
equivalent  to  100  cubic  feet  measured  at  60°  F. 

The. difference  in  the  value  of  the  air  purge  when  using  coal,  coke, 
or  coal  and  coke  mixed,  is  shown  in  Table  2.  With  coal  or  mixtures  of 
coal  and  coke  the  percentages  of  methane  (CH4)  and  illuminants  in- 
crease during  the  run,  and  to  a  considerable  extent  neutralize  the  effect 
of  the  increasing  percentage  of  carbon  dioxide  (C02).  The  heating 
value  of  the  gas  produced  at  the  end  of  the  run  is  not  much  different 
from  that  of  the  gas  produced  during  the  early  stage  of  the  run. 
In  using  coke  fuel,  however,  the  heating  value  of  the  blue  gas,  ayIucIi 
at  best  is  lower  than  with  coal  fuel,  is  lower  at  the  end  of  the  run. 
More  benefit  therefore  is  to  be  derived  from  an  air  purge  with  coal 
fuel,  or  with  coal  and  coke  mixtures,  than  with  coke. 


Table  2.- 


-Analyses  of  blue  gas  wade  at  the  beginning  and  end  of  the  strain  run, 
showing  the  value  of  the  air  purge  with  coal  and  coke  furl. 


Kind  of  gas.a 

70  per  centos  !  *££«*£* 

*J*£\TyZ3L        ™dway  between 
between  charges.              charges. 

60  per  cent  Illinois 
coal.b 

100  per  cent  coke. 

Begin- 
ning 
of  run. 

End  of 
run. 

Begin- 
ning 
of  run. 

End  of 
ran. 

Begin- 
ning 
of  run. 

End  of 
run. 

Begin- 
ning 
of  run. 

End  of 

run. 

co2 

1.7 

.7 

.0 

45.0 

46. 3 

3.3 

3.0 

9.0 

.9 

.0 

31.0 

54.1 

4.1 
.9 

1.9 

.7 

.0 

42.0 

47.8 

2.4 

5.2 

9.8 

1.1 

.0 

33.3 

51.8 

3.8 

.2 

3.1 

.4 

.0 

42.7 

50.0 

.6 

3.2 

9.4 
.6 
.0 
29.6 
58.5 
1.7 
.2 

1.6 

.0 

.0 

46.6 

47.2 

.5 

4.1 

9.0 

Ill 

.0 

o2 

.0 

CO 

35.4 

H2 

51.4 

CII, 

.9 

N, 

a  3.  3 

Total 

100.0 

338 

100.0  1        100.0 

100.0 
332 

100.0 
314 

100.0 
313 

100.0 
310 

100.0 

Calculated  B.  t.  u 

332 

327 

291 

a  Nitrogen  is  present  in  appreciable  amounts  in  the  early  stage  of  the  run,  due  to  the  presence  of  some 
blast  gas;  dining  the  last  stage  of  blasting  the  per  cent  in  the  blue  gas  should  be  less  than  1  per  cent.  The 
per  cent  of  Na  with  coke  fuel  is  probably  higher  than  is  actually  present.  The  blast  gases  frequently  form 
a  cushion  at  the  upper  part  of  generator,  at  the  lid,  making  it  difficult  to  obtain  samples  of  blue  gas 
uncontaminated  with  blow  gas.  . 

b  Results  were  obtained  with  mixed  fuel,  but  charges  were  made  alternately,  all  coal  at  one  charge  ana 
all  coke  the  subsequent  charge.    The  sample  was  taken  iu  the  third  run  after  a  coke  charge. 
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18        COAL  AND  COKE  MIXTURES  AS  WATER-GAS  GENERATOR  FUEL. 
SOME  OPERATING  RESULTS. 

Table  3  shows  the  results  obtained  with  two  Illinois  coals  from 
different  seams,  with  eastern  Kentucky  coal,  with  coke,  and  with 
mixtures  of  coal  and  coke.  In  drawing  conclusions  based  on  these 
figures,  it  should  be  remembered  that  the  results  were  obtained  under 
ordinary  working  conditions  in  the  plant,  and  that,  when  necessary. 
changes  were  made  in  the  methods  of  handling  the  gas  and  in  the 
operating  conditions  during  the  experiments.  The  figures  given  in 
each  column  pertain  to  the  operating  on  a  particular  day,  and  are 
chosen  as  being  representative  of  what  might  be  expected  with  care- 
ful operating  under  the  given  conditions.  The  oil  per  thousand  feet 
of  gas  made,  however,  is  not  always  truly  representative  of  what  can 
be  obtained  with  the  respective  fuels. 

The  experiments  have  shown  that,  contrary  to  the  opinion  of  many 
engineers,  a  substantial  saving  can  be  realized  under  conditions  pre- 
vailing in  many  gas  plants  by  using  mixed  fuel  and  by  operating 
according  to  the  blow-run  method. 

GENERATOR  FUEL  PER  MINUTE. 

With  100  per  cent  coal  the  fuel  used  per  thousand  feet  has  always 
been  higher  than  when  using  100  per  cent  coke,  for  reasons  now"  well 
understood.*  The  employment  of  the  blow-run  method  of  operating 
causes  a  reduction  of  generator  fuel  equivalent  approximately  to  five 
pounds  per  thousand  feet.  The  use  of  mixed  fuel  with  the  blow-run 
method  of  operating  permits  a  further  economy  of  approximately 
three  pounds  of  fuel  per  thousand  feet  of  gas  made.  The  exact 
saving  can  not  be  specified,  as  it  varies  with  different  fuels. 

The  average  fuel  per  thousand  in  using  Central  District  coal  is 
shown  in  Table  4.  The  actual  fuel  consumed  per  thousand  will  vary 
somewhat  according  to  the  number  of  hours  per  day  operating,  to  the 
weather,  and  the  condition  of  the  fuel.     The  relative  heating  value 

Table  4. — Fuel  per  thousand  feet  of  gas  made  with   Central  District  coal  and 
with  coal  and  coke  mixtures. 


„     ,         ,  Fi;elpcr 

Fuel  used.  1,000  feet. 


Pounds. 

100  per  cent  Cent ral  District  coal I         45  to  ?? 

100  per  cent  Central  District  coal,  blow-run  method  of  operating 40  t  o  44 

60  to  80  per  cent  Central  District  coal,  not  using  blow-run  method 40  1  o  44 

60  to  80  per  cent  Central  District  coal,  using  the  blow-run  method j         37  to  41 


of  the  coal  and  coke  used  in  mixtures  has  a  marked  bearing  on  the 
fuel  per  thousand  as  shown  in  Table  3  in  the  first  four  columns.  The 
coal  used  is  from  eastern  Kentucky  and  is  a  high-grade  fuel.     As 
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the  amount  of  this  coal  is  increased  from  Go  to  100  per  cent  the  fuel 
per  thousand  does  not  increase  as  -with  Central  District  coal.  The 
excellent  fuel  results  obtained  with  this  coal  are  due  to  its  quality. 

OIL  CONSUMED  PER  THOUSAND  FEET  OF  GAS  MADE. 

The  factors  governing  or  affecting  the  oil  consumed  per  thousand 
varied  in  these  experiments  to  such  an  extent  that  fine  conclusions 
can  not  be  drawn.  In  view  of  all  the  data  obtained,  it  seems  that 
the  oil  consumed  per  thousand  when  using  mixed  coal  and  coke  con- 
taining 60  or  more  per  cent  of  coal  is  not  higher  than  with  100  per 
cent  coal,  operating  with  the  blow-run  method.  A  study  of  the  con- 
ditions of  the  fuel  bed  shows  that  if  mixed  coal  and  coke  is  used 
the  fuel  is  more  uniformly  open,  more  evenly  heated,  and  shows  less 
tendency  to  form  blowholes  in  the  fuel  bed.  If  100  per  cent  coal  is 
used  the  tendency  for  the  fuel  to  cake  and  arch  in  the  upper  part 
of  the  generator  is  pronounced,  and  unless  care  is  used  to  spread  the 
fuel  properly  on  charging,  blowholes  form,  the  make  is  smaller, 
and  an. inferior  quality  of  blue  gas  is  produced.  In  using  the  mixed 
fuel  it  is  possible  to  introduce  more  air  per  minute  into  the  fuel 
bed  and  therefore  it  is  possible  to  make  more  blue  gas;  as  the  per  cent 
of  blow-run  gas  does  not  increase  proportionately  for  the  same  length 
of  blow  run,  the  oil  consumed  per  thousand  to  enrich  the  blow-run  gas 
is  less.  In  the  Davenport  experiments  a  satisfactory  fuel  spreader 
was  not  available,  and  blowholes  were  frequently  in  evidence  when 
using  100  per  cent  coal.  Under  such  circumstances  the  air  per  minute 
may  be  higher  than  expected  with  coal,  but  in  this  case  the  air  per 
thousand  will  also  be  higher,  as  illustrated  in  column  1,  Table  3. 
Nothing  more  definite  is  justified  from  these  experiments  than  the 
statement  that  the  oil  per  thousand  is  not  greater  with  mixed  fuel 
than  with  100  per  cent  coal,  when  making  gas  of  the  same  quality 
and  using  the  same  length  of  blow  run.  By  mixed  fuel  is  meant  mix- 
tures containing  60  per  cent  or  more  of  coal. 

CAPACITY. 

In  many  gas  plants  the  first  consideration  regarding  the  use  of  coal 
or  mixed  fuel  is  the  make  per  hour  that  can  be  expected  from  such  a 
fuel.  It  has  been  demonstrated  previously  that  in  plants  operating 
6  to  7  hours  a  day  the  capacity  is  not  decreased  by  the  employment 
of  coal  as  generator  fuel,  but  it  actually  may  be  increased.  This  state- 
ment, of  course,  does  not  hold  true  for  plants  operating  over  a  longer 
period,  in  which  the  capacity  is  reduced  by  the  substitution  of  coal 
for  coke,  even  though  the  blow-run  method  of  operating  is  employed. 
This  factor  alone  may  determine  which  fuel  should  be  used,  even 
though  there  is  so  great  a  difference  in  the  prices  of  coal  and  coke  that 
a  substantial  saving  could  be  made  by  the  use  of  coal. 
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The  Davenport  experiments  have  shown  clearly  that  under  the 
same  conditions  more  gas  can  be  made  per  unit  of  time  with  mixed 
fuel  than  with  100  per  cent  coal,  the  blow  run  being  used  in  each 
case.  In  Table  3  the  results  are  given  in  tabular  form.  The  make 
per  run-hour  is  higher  with  mixed  fuel,  and  with  some  fuels  the  make 
per  set-hour  may  be  actually  greater  than  with  coke,  as  shown  in  the 
table.  Actual  results  obtained  with  the  same  kind  of  coke  under  the 
same  conditions  are  given  in  the  last  two  columns  of  Table  3  for  com- 
parison. In  stating  relative  capacities  it  is  necessary  to  note  the  par- 
ticular kinds  of  fuel  specified.  If  a  high-grade  coal  and  an  inferior 
grade  of  coke  are  referred  to,  it  is  possible  to  make  more  gas  per 
run-hour  or  per  set-hour  from  mixtures  than  from  all  coke.  On  the 
other  hand,  when  reference  is  made  to  an  inferior,  high-ash  coal  and 
to  a  high-grade  coke,  the  additional  time  required  for  clinkering, 
when  using  mixed  fuel,  may  cause  a  marked  reduction  in  capacity. 

Though  it  is  not  wise  to  generalize  from  the  results  of  experiments 
with  a  few  fuels,  it  is  at  least  safe  to  conclude  that  there  is  a  possi- 
bility for  gas  plants  to  operate  with  certain  mixed  fuels  and  not  to 
suffer  a  great  decrease  in  capacity.  It  is  to  be  recognized,  of  course, 
that  the  fire  becomes  dirty  more  quickly  with  fuels  that  are  high  in 
ash  and  that  thereafter  the  make  decreases  rapidly.  The  fact  that 
the  ash  content  is  low  is  the  chief  reason  why  there  is  so  little  dif- 
ference between  the  make  per  run-hour  and  the  make  per  set-hour  in 
using  eastern  Kentucky  fuel,  as  shown  in  the  first  four  columns  of 
Table  3. 

Though  the  use  of  mixed  fuel  without  using  a  blow  run  will  result 
in  some  cases  in  a  greater  make  per  run-hour  than  can  be  obtained 
under  the  same  conditions  with  100  per  cent  coal  using  the  blow 
run,  a  still  greater  capacity  is  obtained  by  using  mixed  coal  and  coke 
with  the  blow-run  method  of  operating.  The  best  results  are  realized 
when  the  percentage  of  coal  used  is  greater  than  60  and  less  than  90 
per  cent. 

Some  fuels  give  an  ash  with  such  properties  that  the  clinker  tends 
to  form  on  the  generator  wall,  where  it  can  be  removed  only  by  bar- 
ring down  from  the  top  through  the  charging  door.  When  much 
difficulty  of  this  sort  is  encountered  the  make  per  set-hour,  of  course, 
will  be  affected. 

CHARACTERISTIC  OF  CLINKERS. 

Coals  from  different  mines  or  seams  are  likely  to  give  ashes  with 
widely  varied  characteristics.  This  difference  is  perhaps  more  no- 
ticeable when  the  coal  is  used  as  generator  fuel  than  in  many  other 
uses.  Some  coals  give  clinkers  that  have  a  strong  tendency  to  hang 
on  the  wall ;  with  other  coals  the  ash  melts  readily  and  forms  a  hard 
clinker  that  sets  firm  on  the  grates :  with  still  others,  a  gummy  clinker 
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forms  that  has  rubber-like  properties  when  struck  with  a  clinker  bar. 
In  order  to  obtain  the  best  results  with  a  particular  coal,  the  opera- 
tion of  the  set  should  be  adjusted  to  suit  the  fuel  used.  Often  when 
clinkers  tend  to  form  on  the  wall,  the  use  of  more  down  steam  or  more 
down  runs  will  help  to  eliminate  the  trouble.  The  method  of  split- 
ting runs  also  plays  an  important  part  in  the  control  of  the  clinker 
condition. 

Of  the  fuels  used  as  shown  in  Table  3  the  coal  from  eastern  Ken- 
tucky gave  absolutely  no  trouble  in  the  generator  even  when  TO  runs 
or  more  were  taken  off  before  cleaning  the  fire.  There  were  no  side- 
wall  clinkers,  and  the  actual  clinkering  time  was  less  than  half  an 
hour  with  one  man  at  each  clinker  door.  Making  up-runs  with  this 
fuel  did  not  cause  side-wall  clinker.  The  coal  from  Franklin 
County,  111.,  Xo.  6  seam,  as  shown  in  Table  3,  gave  a  clinker  with  a 
pronounced  tendency  to  adhere  to  the  side  wall.  In  order  to  keep  the 
clinker  from  following  the  side  wall  it  was  necessary  to  make  more 
down-runs  than  up-runs,  or  to  split  the  runs  so  that  more  than  50  per 
cent  of  each  run  was  with  down-steam:  in  addition  the  fire  was 
clinkered  more  frequently  than  with  the  Kentucky  coal.  By  clinker- 
ing every  40  runs  and  operating  as  stated,  the  clinker  was  removed  in 
a  somewhat  "  rotten  ?'  condition ;  that  is,  it  broke  up  readily  on  bar- 
ring. The  Illinois  coal  from  seam  5  gave  a  gummy  clinker,  but  all 
on  the  grates.  More  up-runs  could  be  made  with  seam  5  coal,  as 
shown  in  Table  3,  than  with  Franklin  County  coal.  This  clinker  was 
not  difficult  to  remove,  although  it  tended  to  form  in  large  lumps  that 
were  somewhat  difficult  to  break  up.  The  clinker  was  only  3  inches 
thick  on  the  center  of  the  grates,  but  was  much  thicker  at  the  wall, 
and  long  clinker  periods  were  met  in  burning  this  fuel.  The  clinker 
would  probably  have  been  a  little  more  evenly  distributed  over  the 
grates  had  a  fuel  spreader  been  used. 

The  character  of  the  clinker  formed  from  mixed  fuel  was  like 
that  formed  with  coal.  As  the  percentage  of  coke  increased  above 
40  per  cent  the  clinker  became  harder  and  showed  increasingly  the 
characteristics  of  a  coke  clinker.  This  action  was  true  in  all  the 
mixtures  used,  but  not  enough  different  kinds  of  coke  and  coal  were 
used  to  make  possible  a  general  statement  that  the  same  action  would 
follow  in  other  mixtures.  A  mixture  of  fuels  may  give  a  clinker  with 
properties  better  or  worse  than  those  of  a  clinker  from  either  of  the 
fuels  in  the  mixture.  In  this  connection  it  should  be  noted  that  the 
fuels  here  termed  "  mixtures  "  were  not  intimate  mixtures  of  coal  and 
coke,  but  the  fuels  were  charged  separately  into  the  generator  in 
amounts  so  proportioned  that  the  desired  percentage  of  coal  was 
obtained  in  the  total  fuel  used.  A  thin  layer  of  coke  was  thus  charged 
onto  a  thin  layer  of  coal.  The  charging  was  made  in  the  reverse 
sequence  at  times  in  order  to  study  the  effect  of  the  change. 
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GAS  BURNING  AT  THE  STACK. 

Previous  experiments  with  coal  fuel  had  shown  that  it  was  not 
possible  to  burn  all  the  blast  gas  in  the  checker  chambers  (luring 
the  ordinary  operation  of  a  set,  and  that  burning  the  gas  at  the  stack 
soon  damaged  the  stack.  The  use  of  the  blow-run  method  of  operat- 
ing decreased  the  trouble  from  this  source,  but  did  not  eliminate  it  en- 
tirely. The  use  of  the  blow-run  method  with  mixed  fuel — coal  and 
coke — resulted  in  a  more  balanced  condition  with  less  trouble  from 
gas  burning  at  the  stack.  When  using  as  little  as  60  per  cent  coal, 
however,  it  was  not  necessary  to  burn  all  the  blast  gas  in  the  checker 
chambers,  and  an  appreciable  amount  of  it  was  wasted  at  the  stack. 
"When  using  90  to  100  per  cent  coal  it  may  be  necessary  with  some 
kinds  of  coal  to  extinguish  the  pilot  light  at  the  superheater  stack, 
permitting  the  excess  combustible  blast  gas  to  pass  out  unconsumed 
rather  than  burning  it  in  the  stack. 

USE  OF  HIGH-SULPHUR  COAL. 

A  large  percentage  of  our  supply  of  coal  is  what  the  gas  engineer 
would  term  "high-sulphur  coal,"  that  is,  coal  that  contains  consid- 
erably more  sulphur  than  is  contained  in  a  good  grade  of  gas  coal. 
Though  there  is  no  sharp  line  of  demarcation  between  the  two  grades, 
references  to  high-sulphur  coals  in  this  paper  mean  coals  containing 
more  than  1.25  per  cent  of  sulphur.  Obviously  gas  will  be  made 
in  the  future  from  coals  having  a  higher  sulphur  content  than  the 
present  gas  coals,  and  any  light  thrown  on  the  use  of  such  fuels  is 
of  increasing  interest. 

In  these  experiments  two  high-sulphur  coals  were  used  as  generator 
fuel.  The  results  when  using  the  coal  from  seam  Xo.  5,  Saline 
County,  Illinois,  are  given  in  Table  3.  The  average  water-gas  plant 
could  not  purify  gas  containing  so  much  H,S,  unless  prepared  to 
purify  coal  gas,  or  otherwise  over  equipped  with  purifying  apparatus, 
and  it  could  not  use  this  coal  alone  as  generator  fuel  without  making- 
special  preparation  for  treating  the  gas.  Herein  is  another  benefit 
to  be  derived  from  the  use  of  mixed  fuel,  for,  as  is  shown  in  Table 
3,  the  H2S  in  the  raw  gas  is  considerably  lower  when  using  a  rela- 
tively low-sulphur  coke  in  the  mixture.  When  this  coal  alone  was  used 
in  the  generator  the  amount  of  sulphur  in  the  finished  gas  was  not 
prohibitive. 

The  other  high-sulphur  coal  was  from  Mercer  County,  Illinois, 
seam  Xo.  1.  It  could  not  be  used  long  enough  to  obtain  every  item  of 
the  desired  data,  but  the  sulphur  determinations  were  made.  The 
H2S  in  the  raw  gas  was  G30  grains  per  100  cubic  feet  and  the  total 
sulphur  in  the  purified  gas  was  38.7  grains  per  100  cubic  feet, 
when  using  65  per  cent  coal  in  a  mixture  with  St.  Louis  coke.     The 
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sulphur  content  of  the  coal  was  6.54  per  cent.  The  analyses  of  the 
fuels  used  in  the  experiments  are  given  in  Table  5.  The  analysis  of 
the  coal  from  Mercer  County  offers  sufficient  explanation  for  the  un- 
satisfactory results  obtained  when  using  it  as  generator  fuel. 

Table  5. — Analyses  of  the  fuels  used  in  the  Davenport  experiments. 


Kind  of  fuel. 

Mois- 
ture, 
per 
cent. 

Vola- 
tile 
combus- 
tible, 
per 
cent. 

Fixed 
carbon. 

Ash, 
per 
cent. 

Color  of  ash. 

Sul- 
phur, 

per 
cent. 

B.t.u., 
per 

pound. 

1.99 
.7-1 
6.17 
5.16 
7.59 

37.64 

2.83 

33.89 

Zi.  80 
39.53 

56.89 
87.03 
50.93 
50.59 
40.31 

3.48 

9.40 
9.01 
9.45 
12.57 

White 

0.91 

.72 

.79 

2.56 

6.54 

14,180 

12,550 

12,100 

Red-brown 

12,515 

10,909 

MAINTENANCE  OF  GAS  STANDARD — UNIFORM   QUALITY. 

Under  the  conditions  prevailing  at  Davenport,  which  are  similar 
to  those  at  many  other  plants,  it  was  easier  to  maintain  a  uniform 
quality  of  gas  when  operating  with  mixed  fuel  than  when  using  100 
per  cent  coal,  on  account  of  the  tendency  for  flues  to  form  in  the  fuel 
bed  with  coal,  and  to  the  inability  of  the  men  who  were  operating 
the  sets  to  judge  the  condition  of  the  fuel  bed.  Further  use  of  coal 
fuel  would  overcome  the  trouble  from  inexperience,  but  the  difficulty 
with  flues  could  be  met  only  by  giving  further  attention  to  the  size  of 
the  fuel  used  and  to  the  method  of  charging  and  of  spreading  it  over 
the  fire. 

Mixed  fuel  can  be  used  successfully  when  making  gas  of  600 
B.  t.  u..  but  the  advantage  derived  from  the  blow-run  method  of 
operating  is  greater  when  making  gas  of  lower  heating  value.  The 
present  tendency  is  toward  a  general  lowering  of  the  standards  for 
city  gas  throughout  the  country.  There  must  of  necessity  eventually 
be  a  standard  for  carbureted  gas  considerably  lower  than  600.  and 
very  likely  considerably  lower  than  500.  In  sets  of  present  design  the 
advantage  in  the  use  of  coal  and  the  blow-run  method  of  operating  is 
greater,  the  lower  the  B.  t.  u.  standard  of  the  finished  gas.  An  ex- 
ample will  make  this  point  clear. 

Advantage  of  coal  fuel  and  blow-rwn  method. 


Cubic  feet. 

Example. 

B.  t.  u. 

B.  t.  u. 

SOO 

NOT  USING  BLOW  RUN. 

Coke  fuel: 

Blue  gas 

300 

1,600 

240. 000 

100 

Oil  gas 

160.  000 

900 

400.000 

B.  t.  u.  per  cubic  foot 

444 
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Cubic  feet. 

Example. 

B.  t.  u. 

B.tu. 

800 

USING  BLOW  RUN. 
Coal  fuel: 

335 

1.600 

150 

268,  000 

100 

Oil  gas  

160, 000 

100 

Blow-run  gas 

15.  000 

1.000 

413. 000 

B.  t.  u.  per  cubic  foot 

443 

Thus  with  coal  the  capacity,  owing  to  the  volume  of  blow-run  gas 
alone,  is  increased  11  per  cent  and  the  oil  per  thousand  feet  is  reduced 
11  per  cent,  as  compared  with  coke  fuel.  The  blow  run,  of  course,  will 
permit  the  capacity  to  be  increased  further  on  account  of  the  better 
temperature  condition  in  the  fuel  bed,  making  a  still  better  showing 
than  that  given  by  the  figures  in  the  example.  Table  6  shows  results 
obtained  at  a  plant  other  than  the  Davenport  gas  works,  which  used 
mixed  fuel  without  the  blow  run  and  made  600-B.  t.  u.  gas.  A  higher 
rate  of  blast  was  available  than  at  Davenport. 

Table  6. — Results  obtained  with  coke  and  with  mixed  fuel  without  using  a  blow 
run  and  making  600-B.  t.  u.  gas.1 


Operating  conditions  and  results  recorded. 


Size  of  set 

Gas  made,  corrected cubic  feet. 

Make  per  run cubic  feet. 

Make  per  run-hour cubic  feet. 

Make  per  set-hour cubic  feet. 

Make  per  square  foot  of  grate  per  run  hour 

Fuel  per  thousand  feet  of  gas pounds. 

Oil  per  thousand gallons. 

p,     ,  ("Blow,  minutes. 

y      l'-*un,  minutes.  . 

Air  per  minute,  cubic  feet  to  generator 

Air  per  thousand,  cubic  feet  to  generator 

Steam  per  minute pounds. 

Steam  per  thousand pounds. 

Hours  actually  operating 

Total  daily  clinkering  time 

B.  t.  u,  finished  gas 

Average  weight  of  charge pounds. 

Charged 

Split  runs 


Clinkers. 


100  per  cent 
coke. 


8' 6" 

1, 120,  000 

8,810 

81, 100 

68,  600 

2,440 

39.5 

3.34 

2.25 

4.00 

6,060 

1,  550 

75 

32 

13.8 

2.5 

600 

1,900 

All  coke 

All  split  runs. . . 

Average  coke 
clinker. 
Tendency  to 
form  on  the 
wall . 


Mixed  fuel,  60 
per  cent  coal. 


8' 6" 

1, 061, 100 

8,790 

78,  000 

68,  200 

2,  350 

45.6 

3.13 

2.75 

3.75 

5,000 

1,565 

75 

30 

13.5 

2  hours. 

600 

2,150 

CI  buggy  of  coal. 

[1  buggy  of  coke. 

All     split    runs 

50/50. 
Clinker  some- 
what more  rot- 
ten than  usual 
with  coke.1 


1  These  results  were  obtained  at  a  plant  other  than  the  Davenport  gas  works. 
Note. — The  coal  used  was  Franklin  County,  111.,,  lump   coal.      It   was  forked   and  the 
large  lumps  were  broken.     The  coke  was  St.  Louis  retort  coke,  nut  size. 
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VALUE   OF  ILLUMINANTS  AND   SHORT   CYCLE. 

The  value  of  illuminants.  calculated  from  analyses  of  the  gas,  is 
higher  by  150  to  200  B.  t.  u.  per  cubic  foot  when  operating  with 
coal  than  when  using  coke.  With  60  to  70  per  cent  coal  the  value 
of  illuminants  is  approximately  150  B.  t.  u.  higher  than  with  coke. 
The  gas  then  is  not  as  permanently  fixed  in  the  checker  chambers 
when  using  coal  as  when  using  coke,  and  heavy  condensable  hydro- 
carbons are  present  in  a  greater  percentage  by  volume.  In  this  con- 
nection it  must  be  said  that  the  oil  was  injected  into  the  carburetor 
at  a  faster  rate  when  using  coal  fuel  or  mixtures,  in  order  to  operate 
with  the  shortest  cycle  feasible.  The  increased  value  of  the  illu- 
minants does  not  result  from  naphthalene  and  similar  products  due 
to  overheating  the  checker  chambers. 

In  some  respects  it  is  desirable  to  employ  a  short  cycle  with  coal 
fuel  or  with  mixtures,  particularly  when  it  is  proposed  to  make  the 
maximum  quantity  of  gas  per  run-hour.  There  is  a  limit  to  this 
shortening  of  the  cycle  which,  for  the  run  phase,  depends  on  the 
rate  of  the  input  of  oil,  the  steam  per  minute,  and  such  factors  as 
affect  the  time  of  the  contact  of  the  oil  vapor  with  the  checker 
chambers  and  the  time  of  contact  of  the  steam  with  the  generator 
fuel.  The  length  of  the  blast  phase  of  the  cycle  is  controlled  pri- 
marily by  the  available  air  per  minute  when  the  conditions  govern- 
ing the  steam  run  are  known.  The  percentage  of  total  operating 
time  lost  in  manipulating  valves  is  also  an  item  to  be  considered 
in  shortening  the  cycle. 

While  operating  with  coal  from  Franklin  County,  111.,  and  with 
mixtures  of  it  with  coke,  the  cycle  was  shortened  from  6  minutes 
to  5  minutes  and  the  make  per  second  seemed  to  be  increased  ma- 
terially.    The  cycle  previous  to  the  change  was: 

Cycle  before  shortening. 

Min-     Sec- 
utes.  onds. 

Blast 2         30 

Run 3  0 

Blow  run 0         30 

This  record  was  changed  to  the  following: 

Cycle  after  shortening. 

Min-     Sec- 
utes.   onds. 

Blast 2  0 

Run 2         3o 

Blow  run . 0         30 

The  steam  per  minute  was  adjusted  to  suit  the  new  conditions. 
This  cycle  was  employed  for  a  few  days  only  because  of  reasons 
peculiar  to  the  plant,  therefore  comparative  results  with  all  the  fuels 
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can  not  be  given.    Some  operating  results  obtained  with  coal  from 
Franklin  County,  111.,  using  the  short  cycle,  are  given  in  Table  3. 

OIL  SPRAY  AND  TEST  OF  SPRAY  NOZZLE. 

It  is  generally  conceded  that  an  oil  nozzle  must  be  adjusted  to  the 
operating  conditions  in  order  to  secure  the  highest  efficiency  in 
cracking  oil,  yet  very  little  attention  is  actually  given  to  this  matter 
in  many  of  the  smaller  plants.  In  a  set  of  a  given  size  the  quantity 
of  oil  added  per  run  depends  on  the  standard  of  gas  made,  the  length 
of  cycle,  the  air  available  during  the  blast,  the  quality  of  oil,  and 
numerous  other  factors.  The  rate  of  oil  input  varies  according  to 
plant  conditions  and  to  the  cycle  chosen  as  well  as  to  the  desire  of 
the  operator.  It  is  therefore  not  surprising  that  the  performance 
of  a  given  type  of  spray  nozzle  is  not  the  same  everywhere,  as  a 
manufacturer  who  makes  the  nozzles  according  to  a  given  standard 
does  not  know  about  the  special  conditions  prevailing  in  each  plant. 
It  is  advisable,  therefore,  after  the  desired  cycle  has  been  chosen, 
to  test  the  spray  nozzle  in  order  to  make  sure  that  it  is  giving  the 
required  service. 

In  some  plants  it  is  the  custom  to  test  the  nozzle  merety  by  con- 
necting it  with  the  city  water  line  and  observing  the  spray  on  turning 
water  into  the  line.  If  a  good  spray  is  obtained  the  nozzle  is  said  to 
be  "  O.  K."  No  attention  is  given  to  the  fact  that  there  is  usually  a 
great  difference  in  the  pressure  when  spraying  the  oil  in  the  set  and 
when  spraying  water  under  city  pressure.  The  writer  recalls  one 
instance  when  such  a  test  was  made  and  the  spray  nozzle  adjudged 
"  O.  K.,"  but  in  reality  the  extraordinary  amount  of  trouble  from 
carbon  in  the  carburetor  clearly  indicated  that  something  was  wrong 
with  it.  Further  tests  showed  that  the  pressure  in  the  oil  line  close 
to  the  carburetor  oil  inlet  was  7  to  12  pounds  during  the  time  of 
spraying  the  oil,  and  that  under  these  conditions  with  water  a  spray 
formed  that  covered  only  the  area  of  a  circle  2  feet  in  diameter  on 
a  plane  4  feet  away  from  the  nozzle,  whereas  it  should  have  covered 
a  circle  6  feet  in  diameter.  When  a  spray  nozzle  of  the  right  size  was 
obtained  to  spread  and  spray  the  oil  properly  under  the  prevailing 
conditions,  the  troubles  with  oil  consumption  and  carbon  ceased. 

In  the  use  of  coal  fuel  it  is  frequently  necessary  to  reduce  the  quan- 
tity of  oil  per  run,  and  as  a  result  a  nozzle  that  was  satisfactory  with 
coke  fuel  may  be  no  longer  suitable  under  the  changed  conditions, 
unless  the  pressure  or  input-time  also  is  adjusted.  If  this  adjust- 
ment is  not  made  the  carbon  troubles  and  the  high  oil  consumption 
that  follow  may  be  considered  a  consequence  of  using  coal. 

At  Davenport  the  spray  nozzles  used  were  tested  under  various 
pressures  with  water  and  with  oil  and  the  effect  on  the  spray  noted. 
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ROSE  TYPE  OF  SPRAY   NOZZLE,   SHOWING   DISTRIBUTION   AND   SPRAY   EFFECT 
WITH   WATER  AT  5  POUNDS   PRESSURE. 
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ROSE    TYPE    OF    SPRAY    NOZZLE,    SHOWING    DISTRIBUTION   AND    SPRAY   EFFECT 
WITH   WATER  AT  30  POUNDS   PRESSURE. 
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In  making  this  test  a  nozzle  was  mounted  on  a  pipe  line  used  for 
either  water  or  oil,  equipped  with  a  pressure  gage,  and  placed  a 
distance  above  a  flat  horizontal  plane  equal  to  the  distance  of  the 
nozzle  from  the  checker  work  when  spraying  oil  into  the  carburetor. 
On  a  wall  back  of  the  test  spray  was  drawn  a  horizontal  line,  marked 
every  even  foot  and  indicating  the  total  internal  diameter  of  the  car- 
buretor :  the  middle  of  the  line  was  even  with  the  nozzle.  This  line  is 
used  to  measure  the  spread  of  the  spray  on  the  horizintal  surface.  By 
observing  the  pressure  required  under  the  test  conditions,  using  oil 
in  the  pipe  to  the  spray  nozzle,  to  produce  the  effect  and  spread  of 
the  spray  desired,  it  can  be  determined  readily  whether  a  spray 
nozzle  is  too  large  or  too  small  for  a  given  set.  The  pressure  at  the 
oil  inlet  to  the  carburetor  should  be  taken  before  removing  the  nozzle 
for  testing. 

Oil  does  not  behave  the  same  as  water  when  sprayed  by  a  nozzle, 
and  this  fact  should  be  taken  into  consideration  in  making  a  fine 
adjustment.  Two  types  of  spray  nozzles,  the  Rose  spray  and  the 
Mauley  spray,  were  tested  using  first  water  and  then  oil  under 
different  pressures.  In  Plate  II  the  results  are  shown  as  obtained 
with  a  Rose  spray,  using  water  at  5  pounds  pressure  during  the 
spraying.  In  Plate  III  the  same  nozzle  is  shown  using  water  at 
30  pounds  pressure.  In  Plate  IV  the  Manley  spray  is  shown  using 
water  at  11  pounds  pressure.  It  can  be  seen  that  the  water  came 
out  of  the  Rose  nozzle  in  jets  even  at  30  pounds  pressure.  In  the 
Manley  nozzle  the  water  came  out  as  a  mist,  spraying  more  to  the 
outside  than  to  the  middle.  Both  of  these  sprays  gave  a  fairl}7  satis- 
factory mist  spray  with  oil  at  10  to  15  pounds  pressure  at  the  nozzle. 
It  is  therefore  difficult,  if  not  impossible,  to  obtain  all  the  informa- 
tion regarding  a  spray  nozzle  by  testing  with  water.  As  in  most 
plants  the  rate  of  input  of  oil  is  changed  from  time  to  time  as  the 
B.  t.  u.  of  the  gas  fluctuates,  it  is  well  to  know  the  pressures  at  the 
different  rates  of  input,  and  the  spray  effect  and  distribution  of  oil 
obtained  for  each  input,  in  order  to  get  the  best  results. 

RELATION  BETWEEN  OIL  USED  PER  THOUSAND  FEET  OF  GAS  AND 
CONDITION  OF  FUEL  BED  IN  GENERATOR. 

The  quantity  of  oil  used  per  thousand  is  not  dependent  solely  on 
the  conditions  in  the  checker  chambers  but  also  on  the  state  of  the 
fuel  bed  of  the  generator.  If  the  fuel  bed  is  even,  uniform,  and  free 
from  blowholes,  the  blue  gas  made  is  not  only  richer  but  more  of  it  is 
produced  per  run  with  less  excess  steam.  This  fact  affects  the  time 
of  the  contact  of  the  oil  vapors  with  the  checker  brick  and  also  the 
atmosphere  in  which  the  oil  is  cracked.  Higher  efficiency  in  cracking 
is  obtained  when  the  conditions  in  the  generator  are  favorable  to 
the  production  of  good  blue  gas  in  quantity. 
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CARBON   DEPOSIT   IN    CHECKER    CHAMBERS. 

When  the  proper  "  oil  spray  "  is  used,  the  indications  are  that  no 
more  carbon  is  deposited  in  the  checker  chambers  in  burning  coal 
fuel  than  in  burning  coke.  By  carbon  is  meant,  in  this  instance,  the 
deposit  from  oil  and  not  the  fuel  blown  over  from  the  generator. 
After  one  set  at  Davenport  had  been  operated  for  650  "  set  hours,"  it 
was  shut  down  for  cleaning  and  inspection.  The  generator  lid  was 
open  for  a  few  days,  allowing  the  air  to  pass  through  the  checker 
chambers  by  natural  draft  and  to  burnout  as  much  carbon  as  it  would. 
This  method  is  the  same  as  that  practiced  with  coke  fuel.  The  set 
heated  rather  rapidly  and  remained  hot  for  several  days;  combustible 
material  apparently  was  burning,  but  it  was  the  combustion  of  fuel 
blown  over  from  the  generator  rather  than  the  burning  of  deposited 
carbon.  After  using  coal  fuel  it  is  advisable,  therefore,  to  watch 
the  temperature  in  the  checker  chambers  during  this  burning-out 
period,  for  the  bricks  may  become  so  hot  that  a  glaze  will  form  over 
them  or  other  damage  may  be  done.  The  sight  cocks  afford  a  ready 
means  of  observing  the  heats  in  these  chambers.  After  the  set  that 
had  been  operated  650  hours  had  cooled  off  the  bricks  were  fairly 
clean,  deposited  carbon  being  found  only  at  the  top  of  the  carburetor 
and  there  as  a  thin  crust  no  thicker  than  that  usually  found  after 
operating  with  coke. 

BLOW-RUN  METHOD  AND  CO=  IN  FINISHED  GAS. 

The  analyses  of  many  samples  of  blow-run  gas  have  shown  that 
its  C02  content  is  not  over  2  to  3  per  cent  when  the  cycle  is  properly 
adjusted  for  the  fuel  used,  either  with  coal  or  with  mixed  fuel. 
Blue  gas  usually  averages  not  less  than  6  per  cent  C02.  As  the  blow- 
run  gas  has  a  C02  content  lower  than  blue  gas  by  about  3  per  cent, 
it  follows  that  the  C02  content  of  the  finished  gas  should  be  lower 
when  employing  the  blow-run  method  of  operating.  Instances  have 
been  found,  however,  where  the  C02  in  the  finished  gas  was  increased, 
and  attention  is  here  drawn  to  the  causes. 

On  starting  the  blast  after  a  run  the  C02  in  the  blast  gas  is  as  high 
as  16  to  18  per  cent,  and  as  the  blasting  continues  the  C02  content 
decreases,  until  at  the  end  of  the  blow  it  is  as  low  as  2  to  3  per  cent. 
If  the  blasting  has  been  of  too  short  duration  the  C02  will  be  higher 
than  2  to  3  per  cent  in  the  blow-run  gas.  Another  cause  for  high  C02 
is  the  shutting  of  the  stack  almost  simultaneously  with  the  closing 
of  the  carburetor  blast  valve.  In  this  instance  the  burned  gas  in  the 
checker  chambers,  which  is  C02  and  X2,  is  blown  over  into  the  holder. 
A  cause  for  high  C02  that  may  not  be  readily  discerned  is  a  leaky 
down-run  valve.    If  this  valve  leaks,  a  part  of  the  air  to  the  generator 


iUREAU    OF    MINES 


TECHNICAL    PAPER    284       PLATE     IV 


MANLEY  SPRAY  NOZZLE,   SHOWING    DISTRIBUTION   AND   SPRAY    EFFECT  WITH 
WATER  AT  11    POUNDS   PRESSURE. 


SUMMARY   AND   CONCLUSIONS.  29 

during  the  blow  run  will  pass  through  it  and  go  up  the  hydrogen 
pipe,  supplying  sufficient  air  for  the  combustion  of  part  of  the  blow- 
run  gas  in  the  carburetor. 

Under  these  conditions  the  oil  per  thousand  feet  will  increase  also. 
Every  effort  to  keep  a  low  C02  content  in  the  finished  gas  is  a  step  in 
the  right  direction. 

BOILER  FUEL  PER  THOUSAND  FEET  OF  GAS  WITH  COAL  AND  WITH 

COKE  FUEL. 

Figures  for  the  daily  consumption  of  boiler  fuel  are  not  given 
in  Table  3  with  the  other  operating  results,  for  the  reason  that  the 
exact  amount  used  was  not  known  at  the  end  of  each  day,  as  more 
fuel  was  hauled  to  the  boiler  on  some  days  than  was  consumed,  and 
t  was  difficult  to  keep  check  on  the  exact  amount  left  over.  At  the 
end  of  a  month's  operation,  however,  any  small  difference  of  this 
kind  would  not  affect  the  figure  for  the  average  boiler  fuel  per 
thousand  feet.  From  the  results  obtained  during  two  months  of  op- 
erating with  mixtures  of  coal  and  coke,  averaging  over  60  per  cent 
coal,  the  conclusion  is  drawn  that  the  boiler  fuel  per  thousand  feet  of 
gas  is  not  any  higher  with  mixed  fuel  than  with  100  per  cent  coke. 

TAR  EMULSIONS. 

In  handling  water-gas  tar  the  slow  separation  of  the  tar  from  the 
water  is  the  cause  of  considerable  annoyance  and  trouble.  Long 
standing  is  required  to  promote  this  separation  and  even  then  it  is 
not  complete,  as  the  tar  retains  4  to  10  per  cent  of  water.  This  figure 
applies  to  water-gas  tar  made  from  coke  fuel.  Tar  made  from  mixed 
fuel  or  from  100  per  cent  coal  separates  much  more  readily  and  more 
completely.  All  the  factors  causing  or  affecting  the  emulsifying 
properties  of  water-gas  tars  are  not  known,  but  it  is  evident  that  the 
tars  produced  when  operating  with  coal  fuel  have  different  prop- 
erties from  those  of  the  tar  produced  with  coke. 

SUMMARY    AND    CONCLUSIONS. 

1.  A  decided  benefit  is  realized  when  operating  with  a  long  layover 
period. 

2.  When  operating  but  a  small  part  of  a  day,  up  to  eight  hours, 
the  capacity  of  the  plant  can  be  maintained  in  using  100  per  cent 
coal :  that  is.  the  make  per  unit  of  time  need  not  be  less  than  is  nor- 
mally produced  with  coke  fuel. 

3.  All  bituminous  coals  do  not  behave  the  same  when  used  as  gen- 
erator fuel,  and  the  method  of  operating  should  be  wTorked  out  for 
each  coal  in  order  to  obtain  the  best  results. 
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4.  The  size  of  fuel  used  is  of  importance  and  should  be  given  more 
attention  when  using  coal  than  when  coke  or  mixed  fuel  is  used,  par- 
ticularly when  employing  a  high  rate  of  blast,  and  when  no  fuel 
spreader  is  used. 

5.  The  tendency  for  "  flues  "  or  blowholes  to  form  in  the  fuel  bed 
is  greater  in  using  100  per  cent  coal  than  in  using  coke  or  mixtures 
of  coal  and  coke.  Mixed  fuel  containing  coal  up  to  TO  per  cent  be- 
haves much  the  same  as  coke  when  used  as  generator  fuel. 

6.  The  tendency  to  form  blowholes  is  considerably  relieved  when 
the  fuel  charged  is  properly  spread  over  the  fire,  namely,  when  an 
efficient  fuel  spreader  is  employed. 

7.  When  blowholes  are  permitted  to  form  through  the  fuel  bed, 
large  quantities  of  fuel  may  be  blown  from  the  generator  over  into 
the  checker  chambers.  This  tendency  is  greater,  of  course,  with  the 
higher  blast  pressures. 

8.  Fuel  blown  over  from  the  generator  will  deposit,  in  part,  at 
the  bottorii  of  the  checker  chambers  where  the  lineal  velocity  of  the 
gas  is  the  lowest.  Of  the  fuel  so  carried  over  from  the  generator,  the 
proportion  that  will  deposit  at  these  points  depends  on  the  volume  of 
free  space  beneath  the  checker  brick  which,  in  turn,  governs  the 
velocity  of  the  gas. 

9.  The  symptoms,  cause,  and  remedy  for  blowholes  have  been 
discussed. 

10.  The  desirability  of  using  all  the  gages  and  meters  in  a  com- 
plete equipment,  particularly  when  using  coal  fuel,  has  been  pointed 
out. 

11.  The  relative  value  of  the  air  purge  using  coal,  coke,  and  mix- 
tures of  coal  and  coke  has  been  shown,  and  gas  analyses  have  been 
presented. 

12.  The  effect  of  the  change  from  coke  to  coal  fuel  on  the  gen- 
erator air  per  minute  and  on  the  capacity  of  the  set  has  been  dis- 
cussed, and  a  graph  shows  the  air  per  minute  with  each  fuel. 

13.  Some  reasons  why  the  oil  consumption  per  thousand  may  be 
high  when  employing  coal  generator  fuel  have  been  given  and 
methods  of  correcting  the  conditions  indicated. 

14.  With  mixed  fuel,  coal  and  coke — 

a.  The  tendency  for  caking  and  arching  of  the  fuel  in  the  gen- 
erator is  nil  unless  exception  be  made  of  mixtures  containing  a  very 
high  percentage  of  coal. 

b.  The  clinker  troubles  are  not  necessarily  increased  over  those 
prevailing  with  coke  alone.  The  clinker  in  these  experiments  had 
more  the  characteristics  of  a  coal  clinker  as  the  percentage  of  coal 
increased  and  vice  versa.  This  may  not  be  true  with  mixtures  of 
all   lands  of   fuels. 
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c.  The  fuel  per  thousand  when  employing  the  blow-run  method  of 
operating  is  appreciably  less  with  mixed  fuel  than  with  100  per  cent 
coal. 

d.  The  oil  per  thousand  when  employing  the  blow  run  is  not  higher 
than  with  100  per  cent  coal  and  may  actually  be  lower  if  conditions 
are  such  that  blowholes  persistently  form  in  the  fuel  bed  of  coal. 

e.  The  capacity  with  the  blow-run  method  is  greater  than  can 
be  obtained  with  100  per  cent  coal,  operating  in  the  same  manner, 
and  may  equal  or  even  surpass  that  obtained  with  100  per  cent  coke, 
depending  on  the  kinds  of  coal  and  coke  used  in  the  mixture  and  on 
the  kind  of  coke  used  as  such. 

f.  A  more  uniform  gas  standard  can  be  obtained  with  less  effort 
than  with  100  per  cent  coal. 

g.  Trouble  is  less  from  tar  emulsions.  The  tar  settles  out  to  about 
1  per  cent  water. 

h.  Boiler  fuel  per  thousand  is  no  greater  than  with  100  per  cent 
coke. 

15.  Results  obtained  with  "  high-sulphur "  coals  have  been  dis- 
cussed. 
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